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(57) ABSTRACT 

An electric motor capable of ensuring insulation of proximal 
portions of coil edges of a stator projecting from end of a 
stator core, and a method of insulating the proximal portions 
of the coil edges of the stator. The insulation sheet has a 
folding portion for folding one or more coils of the same 
phase and tWo insertion portions extending from the folding 
portion so that distal ends are positioned aWay from a 
centerline of the folding portion. One or more coils of the 
same phase are folded by the folding portion and the tWo 
inserting portions are inserted into the slot or slots from 
Which the one or more coils project. The inserting portions 
are draWn from inside of the stator core so that the folding 
portion spreads to fold the proximal portions of the coils. 
The inserting portions are securely held betWeen the Wall of 
the slots and the coils to prevent the insulation sheet from 
displacement, inclination and slip off to securely insulate the 
coils of different phases. 
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ELECTRIC MOTOR AND METHOD OF 
INSULATION BETWEEN COILS OF DIFFERENT 

PHASES OF ELECTRIC MOTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to insulation betWeen 
coils of different phases of a stator of an electric motor and 
in particular to insulation of the coils at ends of the stator. 

[0003] 2. Description of Related Art 

[0004] In manufacturing a stator of an electric motor, 
Windings for respective phases are arranged along a plurality 
of slots formed on a stator core to form coils of respective 
phase With their edges projecting from respective ends of the 
slots. At intermediate portions of the coil edges projecting 
from the ends of the slots, insulation sheets of paper are 
intervened betWeen coils of different phases for insulation 
thereof. In order to prevent loWering of the insulation by 
displacement of the insulation sheets, there have been pro 
posed various improvements regarding shape of the insula 
tion sheet, such as disclosed in JP 7-298530A. 

[0005] Further, insulation at proximal portions of the coil 
edges is important as Well as the insulation at the interme 
diate portions of the coil edges. As shoWn in FIG. 5, for the 
insulation at the proximal portions of the coil edges, an 
insulation sheet 20 in the form of a short strap, so-called as 
an angle sheet, has been used. As shoWn in FIG. 6, the angle 
sheet 20 is inserted into a slot 4 of a stator core 3 from Which 
the coil 2 projects so as to insulate the coil 2 projecting from 
an end of the slot 4 of the stator core 3. 

[0006] In the insulation of the coil edges of the stator, there 
are proposed various insulation methods for insulating the 
intermediate portions of the coil edges of different phases, 
but there is knoWn only the method of insulation by means 
of the angle paper 20 With regard to the insulation at the 
proximal portions of the coil edges. 

[0007] In the insulation method using the angle sheet 20, 
the angle sheet 20 in the form of the short strap is liable to 
displace When an external force is exerted in a direction 
along a short side of the strap. Thus, in the Winding 
operation of the coils of the stator, after the Windings are 
formed along the slots, the angle sheets 20 are inserted into 
the slots, and shapes of the coils are adjusted. The angle 
sheets 20 may displace, deform or slip off by movement of 
the coils in the adjusting operation to cause loWering of the 
insulation and necessity of rearrangement of the angle sheets 
20. Further, since the angle sheet 20 is inserted into the slot 
from above, i.e., outside of the coil edges, it is liable that an 
amount of insertion of the angle sheet 20 is insufficient to 
make it difficult to securely ?x the angle sheet 20 betWeen 
a Wall of the slot and the coil. Thus, the insulation at the 
proximal portion of the coil edges has been liable to be 
deteriorated for the above reasons. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides an electric motor 
capable of ensuring insulation of proximal portions of coil 
edges of a stator, and a method of insulating the proximal 
portions of the coil ends of the stator. 
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[0009] According to one aspect of the present invention, 
the electric motor comprises: a stator core having slots; coils 
arranged along the slots of the stator core to form coil edges 
projecting from ends of the stator core; and insulation sheets 
for insulating proximal portions of the coil edges, each of the 
insulation sheets having a folding portion for folding one or 
more coils of the same phase and inserting portions inserted 
into the slot or slots of the stator core to be ?xed by draWing 
distal ends thereof from inside of the stator core. 

[0010] According to another aspect of the present inven 
tion, the electric motor comprises: a stator core having slots; 
coils arranged along the slots of the stator core forming coil 
edges projecting from ends of the stator core; and insulation 
sheets for insulating proximal portions of the coil edges, 
each of the insulation sheet having a folding portion for 
folding one or more coils of the same phase and tWo 
inserting portions extending from the folding portion so that 
respective distal ends are positioned aWay from a centerline 
of the folding portion, Wherein the coils of the same phase 
are folded by the folding portions of the insulation sheets, 
and the inserting portions are inserted into the slots of the 
stator core by draWing the distal ends thereof from inside of 
the stator core to thereby insulate the coils of the same phase 
from coils of different phases. 

[0011] An interconnecting portion betWeen the folding 
portion and the insertion portions of the insulation sheet may 
have a reduced Width to form a constricted portion. 

[0012] The present invention also provides an insulation 
method for an electric motor including a stator core having 
slots and coils arranged along the slots of the stator core to 
form coil edges projecting from ends of said stator core. This 
method comprises: arranging the insulation sheet as 
described above betWeen coil edges of different phases; 
folding the one or more coils of the same phase by the 
folding portion and inserting the inserting portions into the 
slot or slots of the stator core; and draWing distal ends of the 
inserting portions from inside of the stator core to ?x the 
inserting portions so that the coils of the same phase are 
insulated by the insulation sheet from the coils of different 
phases. The insulation method may further comprise cutting 
the distal ends of the inserting portions after the draWing 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a diagram shoWing a shape of an insu 
lation sheet for insulating coils of respective phases accord 
ing to an embodiment of the present invention; an example 
of 

[0014] FIG. 2 is an enlarged perspective vieW of a stator 
core With the insulation sheets arranged at proximal portions 
of coil edges of different phases, as vieWed from outside of 
the stator core; 

[0015] FIG. 3 is an enlarged perspective vieW of the stator 
core With the insulation sheets arranged at proximal portions 
of the coil ends of different phases, as vieWed from inside of 
the stator core; 

[0016] FIGS. 4a and 4b are diagrams shoWing different 
shapes of the insulation sheet; 

[0017] FIG. 5 is a diagram shoWing a shape of a conven 
tional insulation sheet; and 
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[0018] FIG. 6 is an enlarged perspective vieW of an end of 
a stator core With the conventional insulation sheets 
arranged at proximal portions of the coil edges of different 
phases, as viewed from outside of the stator core. 

DETAILED DESCRIPTION 

[0019] As shoWn in FIG. 1, an insulation sheet 1 for 
insulating proxirnal portions of coil edges projecting from an 
end of a stator core is formed to be substantially axisyrn 
rnetric With respect to a centerline 10. The insulation sheet 
1 has a folding portion 11 for folding coils, and inserting 
portions 12a and 12b extending from loWer side of the 
folding portion 11 in the form of short belts so that distal 
ends thereof are positioned away from the centerline 10. The 
distal ends of the inserting portions 12a and 12b are sharp 
ened for easy insertion betWeen inner Walls of slits of a stator 
core and the coils. A Width of proximal portions of the 
inserting portions 12a and 12b integrally connected With the 
folding portion 11 is smaller than the other portions and a 
Width of the folding portion 11 is broadened from this 
interconnecting portion, so that a constricted portion 13 is 
formed at the interconnecting portion. 

[0020] Using the insulation sheet 1, proxirnal portions of 
the coil edge are insulated. Referring to FIGS. 2 and 3, the 
folding portion 11 of the insulation sheet 1 is brought to be 
intervened betWeen one or more of the coils 2 of the same 
phase projecting from the slot 4 of the stator core 3 and the 
adjacent coils of different phases so that the proximal 
portions of the coils 2 are folded by the folding portion 11. 
Then, the inserting portions 12a and 12b are inserted 
betWeen the coil 2 and an inner Wall of the slot 4 from Which 
the coil is projected or betWeen the coils and inner Walls of 
the slots 4 from Which the coils are projected. Then, the 
distal ends of the inserting portions 12a and 12b inserted into 
the slot or slots 4 are held and drawn from inside of the stator 
core 3. 

[0021] FIG. 3 shoWs a state Where the inserting portions 
12a and 12b are inserted into the slots 4 and drawn from 
inside of the stator core 3. 

[0022] In the draWing operation of the inserting portions 
12a and 12b, if only one of the inserting portions 12a and 
12b, for example, only the inserting portion 12a is pulled 
downwardly from inside of the stator core 3, the insulation 
sheet 1 inclines in the pulling direction of the inserting 
portion 12a, and only the inserting portion 12b is pulled 
downwardly from inside of the stator core 3, the insulation 
sheet 1 inclines in the pulling direction of the insertion 
portion 12b. Thus, the centerline 10 of the insulation sheet 
1 can be adjusted to be approximately parallel to an axis of 
the slot 4 by appropriately pulling one of the insertion 
portions 12a and 12b so that projecting amounts and incli 
nations of the insertion portions 12a and 12b With respect to 
the slot 4 are made equal. 

[0023] For folding one coil projecting from one slot 4 by 
the insulation sheet 1, both of the inserting portions 12a and 
12b, Which are inserted into the one slot 4, are simulta 
neously pulled With even forces by a manufacturer so that 
the folding portion 11 of the insulation sheet 1 moves into 
the slot 4 and thus the constricted portion 13 enters into the 
slot 4 to increase resistance against the pulling forces since 
the Width of the folding portion 11 is gradually increasing 
from the constricted portion 13. Therefore, on the basis of 
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magnitude of the resistance force in pulling the inserting 
portions 12a and 12b, the manufacturer can recogniZe the 
amount of draWing of the insulation sheet 1 into the slot 4 
to adjust the draWing arnounts. 

[0024] Further, by pulling the inserting portions 12a and 
12b in the form of short belts along the extending direction 
of the belt, the insulation sheet 1 is pulled to be expanded by 
the inserting portions 12a and 12b extending in the direction 
to be away from the centerline 10 of the insulation sheet 1, 
so that the coil is securely folded by the folding portion 11 
to insulate the coil from the coils of different phase. 

[0025] For folding a plurality of coils of the same phase 
projecting from a plurality of slots 4 by the insulation sheet 
1, both of the distal ends of the inserting portions 12a and 
12b, Which are inserted into respective slots 4, are pulled 
toWards inside of the stator, the connecting portion 14 abuts 
on the end of the stator core 3 betWeen the slots 4 to produce 
a large resistance against the pulling forces to make the 
manufacturer recogniZe that the folding portion 11 of the 
insulation sheet 1 has folded the coils from the proximal part 
thereof to complete the insulation of the proximal portion of 
the coils. The distal ends of the inserting portions 12a and 
12b projecting from an inner circumference of the stator are 
cut off so that the redundant projecting portions do not 
interfere With a rotor to be arranged inside the stator. 

[0026] Thus, the insulation sheet 1 is securely retained by 
draWing the inserting portions 12a and 12b into the slots, 
and also since the insulation sheet 1 holds the coil, large 
resistance is produced against external forces to incline or 
displace the insulation sheet 1 so that displacernent, incli 
nation and slip off of the insulation sheet 1 are prevented to 
thus securely insulate the coils of the same phase from the 
different phases. 

[0027] In FIGS. 2 and 3, there are shoWn the insulation of 
a coil edge extending from one slot by folding the coil edge 
by the insulation sheet 1 from the coil edges of different 
phases, and the insulation of coil edges of the same phase 
extending from tWo slots by holding the coil edges the 
insulation sheet 1 from the coil edges of different phases. 

[0028] As shoWn in FIG. 3, it is not necessary to cover the 
entire circumference of the coil or coils by the insulation 
sheet 1 but it is sufficient that only a part of the circurnfer 
ence of the coil or coils may be covered by the insulation 
sheet 1. 

[0029] In the case of folding the coil edges of the same 
phase extending from a plurality of slots, insulation sheets 
having enlarged Widths as shoWn in FIGS. 4a and 4b may 
be used. 

[0030] According to the present invention, displacernent, 
inclination and slip off of an insulation sheet are prevented 
to ensure insulation of proximal portions of coils of a stator. 

What is claimed is: 
1. An electric motor comprising: 

a stator core having slots; 

coils arranged along the slots of said stator core to form 
coil edges projecting from ends of said stator core; and 

insulation sheets for insulating proxirnal portions of the 
coil edges, each of said insulation sheets having a 
folding portion for folding one or more coils of the 



US 2004/0056558 A1 

same phase and inserting portions inserted into the slot 
or slots of said stator core to be ?xed by drawing distal 
ends thereof from inside of said stator core. 

2. An electric motor comprising: 

a stator core having slots; 

coils arranged along the slots of said stator core forrning 
coil edges projecting from ends of said stator core; and 

insulation sheets for insulating proxirnal portions of the 
coil edges, each of said insulation sheet having a 
folding portion for folding one or more coils of the 
same phase and tWo inserting portions extending from 
the folding portion so that respective distal ends are 
positioned away from a centerline of the folding por 
tion, 

Wherein the coils of the same phase are folded by the 
folding portions of said insulation sheets, and the 
inserting portions are inserted into the slots of said 
stator core by draWing the distal ends thereof from 
inside of said stator core to thereby insulate the coils of 
the same phase from coils of different phases. 

3. An electric motor according to claim 1, Wherein an 
interconnecting portion betWeen the folding portion and the 
insertion portions of said insulation sheet has a reduced 
Width to form a constricted portion. 

4. An insulation method for an electric motor including a 
stator core having slots and coils arranged along the slots of 
the stator core to form coil edges projecting from ends of 
said stator core, said method comprising: 

arranging an insulation sheet betWeen coil edges of dif 
ferent phases, said insulating sheet having a folding 
portion for folding one or more coils of the same phase 
and inserting portions to be inserted into the slot or slots 
of the stator core; 
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folding the one or more coils of the same phase by the 
folding portion and inserting the inserting portions into 
the slot or slots of the stator core; and 

draWing distal ends of the inserting portions from inside 
of the stator core to ?x the inserting portions so that the 
coils of the same phase are insulated by the insulation 
sheet from the coils of different phases. 

5. An insulation method for an electric motor according to 
claim 4, further comprising cutting the distal ends of the 
inserting portions after the draWing thereof. 

6. An insulation method for an electric motor including a 
stator core having slots and coils arranged along the slots of 
the stator core to form coil edges projecting from ends of 
said stator core, said method comprising: 

arranging an insulation sheet betWeen coil edges of dif 
ferent phases, said insulating sheet having a folding 
portion for folding one or more coils of the same phase, 
and tWo inserting portions to be inserted into the slot or 
slots of the stator core and extending from the folding 
portion so that respective distal ends are positioned 
away from a centerline of the folding portion; 

folding the one or more coils of the same phase by the 
folding portion and inserting the tWo inserting portions 
into the slot or slots of the stator core; and 

draWing the distal ends of the inserting portions from 
inside of the stator core to ?x the inserting portions so 
that the coils of the same phase are insulated by the 
insulation sheet from the coils of different phases. 

7. An insulation method for an electric motor according to 
claim 6, further comprising cutting the distal ends of the 
inserting portions after the draWing thereof. 


